Abstract. On the basis of the traditional linear programming model,this paper presents a optimal design mathematical model of gravity branch distribution network. Considering the coupling constraint, the model takes the length of main and subordinate pipe having standard diameter as decision variables. The minimum works investment is taken as objective variable, and the MATLAB is used to solve. There are a better result in the optimal design of branch distribution network with this method in the application cases, and which can provide a basis for the rural drinking water safety project.
Introduction
The branch pipe network is used widely in the irrigation and water supply systems, and researchers at home and abroad have been paying great attention to the optimization design problems. Karmeli [3] 、Gupta [4, 5] etc. has presented the linear programming model, which can get the global optimal solution. And th model has been applied by WEI Yongyao [6, 7] 、BAI Dan [8] etc. The purpose of the optimal design is to satisfy the desired pressure and flow of each node, to seek the most economical design. This paper presents a optimal design mathematical model of gravity branch distribution network.
Establishment of the model of branch distribution network
For the gravity branch distribution network which supply the water by the gravity flow, there is no need to set the pump station. The investment is mainly composed of the pipe network cost. The purpose of the optimal design is to satisfy the desired pressure and flow of each node, to select the size of the pipe to get the minimum investment [9] .
Objective variable
At first,we divide the main pipe of the branch pipe network in Fig.1 
(2) Constraint condition of nodal head i H (the head of the intersections of main and subordinate pipe), iz H ( the head of the end of subordinate pipe) should satisfy the follow conditions: And there also has:
Then put formula(5) ~(7) into formula (4), we can gain:
Where: ij J stands for the hydraulic gradient of the j-th standard diameter in the i-th main pipe according to the Pavlov formula， 
Solution of model
The formula (1)~(3) and formula (8)~ (12) constitute a mathematic model of the gravity branch distribution network, and the model has two coupling constraints. The steps of the solution are as follows:
Step1: Divide the pipe into some sections;
Step2: Select standard diameter meeting the flow rate constraints, then bring them into the model calculation;
Step3: Substituting the parameters into the objective function and constraints, solving the linear model to obtain the quadratic optimization solution.
Application example
Solving the example used by Bai using the optimization method in this paper [9] . The pipe network is shown in Fig.2 . In the linear programming model, there are a total of 25 variables (the length of each pipe section has standard diameter), 29 constraints (9 equality constraints-constraint condition of length, 20 inequality constraints-constraint condition of nodal head). Substituting the parameters and using MATLAB to solve the model. The optimal value is given in Table 1 
Conclusion
The optimal design mathematical model of gravity branch distribution network is presented in this paper. In the model, the coupling constraint is considered. By the above, we can see that the method in this paper is a feasible and effective method for the optimal design of branch distribution network in the rural drinking water safety project, and also has certain reference value to other works.
